impressions is often difficult. I used perfusion of the left coronary artery with blood oxygenated at pressure to carry out experimental reimplantation of this vessel into a systemic artery in 1949 (Smith G 1964a) . By 1956, using exposure of the whole animal, we were able to demonstrate (Smith & Lawson 1958) protective effect against the onset of ventricular fibrillation following acute occlusion of the left circumflex coronary artery in the dog. A further study (Smith & Lawson 1962) confirmed this and we reported the application of hyperbaric oxygen to man suffering from coronary artery occlusion.
Before applying the technique to localized hypoxic tissue, particularly of limbs where vascular surgery had been inadequate or impossible, it was essential to find out if the opening up of collateral vessels was prevented by increased tension of oxygen in the arterial inflow. This did not appear to happen, at least in skeletal muscular vessels (Smith, Lawson, Renfrew, Ledingham & Sharp 1961) . Following this, a series of patients with traumatic ischlmia of limbs was treated with encouraging results (Smith, Stevens, Griffiths & Ledingham 1961, Smith, Sillar, Norman, Ledingham, Bates & Scott 1962 , Smith G 1964c . There appeared to be improvement, from daily treatments in the pressure chamber over a period of weeks, in cases of thromboangiitis obliterans with chronic ulceration. In atherosclerosis, however, apart from alleviation of ischemic neuropathic pain in advanced cases while breathing oxygen at pressure, there appeared to be little concrete proof of long-term amelioration (Smith 1962a); this is not surprising in view of the advanced state of arterial occlusion existing in these patients (Garven et al. 1962) .
There is both experimental (Smith, Lawson, Renfrew, Ledingham & Sharp 1961) and clinical evidence (Jacobson et al. 1963 , Smith G 1964b that generalized hypoxia of the brain from diminished arterial input can be offset by inhalation of oxygen at pressure. On the other hand, where localized volumes of brain are hypoxic, adequate clinical experience does not yet exist to confirm or deny benefit (Smith G 1964b); experimentally it appears that this is probably too much to expect, as indicated by the results of Jacobson & Lawson (1963) .
On the whole, therefore, the present position of the use of oxygen at pressure as a therapeutic tool would appear to be convincing in many conditions of generalized hypoxia not amenable to the more usual methods of oxygen administration. In many instances of localized hypoxia the method appears to be promising and warrants further work with adequate physical measurements and careful, controlled scientific trials. (1961) The question of oxygen's curious toxic properties at high partial pressure is so absorbing that it is easy to forget that using it as a therapeutic measure necessarily involves many other risks which, although they are humdrum by comparison, are best avoided by knowing they are there; it is for this reason that they are listed first.
Barotrauma: Although many clear their ears by swallowing when changing altitude in aircraft, this is not generally found effective, even by professional pilots, against the more rapid pressure changes found in compression chambers; a correctly performed Valsalva manceuvre is far more reliable (Jarrett 1961a) . The commonest fault is to blow vigorously into the mouth while the soft palate seals off the nasopharynx and effectively protects the eustachian tubes. Infants usually co-operate, albeit unwittingly, because vigorous crying is quite a good way of opening the eustachians. Anmesthetized patients present quite a problem and in Amsterdam Professor Boerema has gone to the length of having routine myringotomies performed. Even such heroic measures cannot prevent injury to susceptible paranasal sinuses and diseased teeth. Presumably all patients will be previously examined and an individual assessment of risk versus benefit made in each case. Even though the patient tolerates the compression there may still be postoperative sequele.
On return to air at normal pressure the rate of gas absorption from an oxygen-filled middle ear is very rapid; the pressure will fall, possibly with consequent deafness and exudation (Melvill Jones 1959).
Decompression sickness: Nitrogen bends should not affect the patient who is breathing pure oxygen, but his air-breathing attendants may require gradual decompression if they have worked in air pressure in excess of two atmospheres absolute for any length of time. Diving practice favours stage decompression, engineering practice the controlled leak; in either case the matter is routine and involves only careful timekeeping and consulting the appropriate published tables. Nuisance value, however, can be high. A more dangerous and unpredictable form of decompression sickness is gas embolism. This may arise if alveolar gas expands faster than the alveoli, which could happen if pressure were very suddenly lost through some accident such as a broken window or failed valve. It can also happen in quite -slow pressure changes if the breath is held by involuntary glottal spasm or distally to a blocked segmental bronchiole. Should the embolic gas bubble enter the cerebral circulation the clinical effects may be very severe; immediate recompression is the only effective treatment (Jarrett 1961b) . It seems reasonable that there should therefore be a means of recompression independent of the main chamber. Gas embolism is distinct from nitrogen bends in being unrelated to the pressure or time of exposureserious embolism may occur over quite small pressure changes and trivial ones over large. The danger certainly exists at the comparatively low pressures used in therapeutic oxygen chambers; recently a death occurred as a result of an air embolism sustained in decompressing from 1 8 to 1I0 atmospheres absolute in not less than four seconds.
Aseptic bone necrosis: This puzzling condition seems so far to be confined to caisson workers. It is presumably a form of medullary infarction caused by nitrogen bubbles and could thus be considered as a form of bend. It does not, however, show any incidental relationship to other forms of decompression sickness (Golding et al. 1960) . Some cases showing marked radiological changes are symptom free but others progress to painful and disabling joint lesions. The delay between exposure and symptoms may be many years. The strangest feature of the condition is its non-occurrence among divers who have experienced conditions similar to those of affected caisson workers. Routine radiography of Royal Naval divers has not revealed one case. The explanation may lie in the different modes of decompression used, controlled leak in the case of caisson workers and stages in the case of divers; it may lie in the longer exposures of caisson workers and this ominous possibility should never be forgotten by hospital staff working in high pressure chambers.
Nitrogen narcosis: This is not generally considered to be measurable in air at pressures much less than four atmospheres absolute but recently Poulton et al. (1963) have reported signs of impaired performance at only two atmospheres. Any further evidence will be of interest to highpressure oxygen workers.
Fire hazard: The presence of oxygen only increases the already considerable fire hazard in air at high pressure. Since it is impossible to exclude all combustible fabrics and inflammable vapours, the very greatest care must be taken to prevent ignition; sparks from electrical equipment are an ever likely danger. The problem is a complex and highly technical one and the advice of qualified experts, such as those at the Safety in Mines Establishment, Buxton, Derbyshire, should always be sought.
Toxic substances: Percentages of toxic vapours which are harmless at an absolute pressure of one atmosphere may become quite dangerous at two or three atmospheres. Adequate ventilation should control the problem. A special case is that of carbon dioxide. Percentages of carbon dioxide which may be quite harmless at normal atmospheric pressure can be dangerous to patients breathing pure oxygen at increased pressure: the carbon dioxide, by removing the cerebral vasoconstriction which normally protects the brain, may expose it to a dangerously high oxygen tension leading to convulsions (Lambertsen et al.
1955).
Oxygen Toxicity Following his isolation of oxygen from air Priestley speculated that its effect on living creatures would be to accelerate all oxidative processes. This was soon shown to be untrue; it was not until 1878 that Paul Bert demonstrated the almost universal cytotoxic effects of oxygen at high pressures on both animal and plant tissues. He showed that the partial pressure of oxygen was the critical factor and demonstrated the particular sensitivity of the central nervous system. Bert worked mainly with short duration exposures to fairly high partial pressures of oxygen and his experimental animals died after violent convulsions. This acute, central nervous effect of high pressure oxygen was at one time known as the 'Paul Bert effect' to distinguish it from another condition described by Lorrain Smith in 1899, who showed that animals breathing between 0-6 and 2-0 atmospheres partial pressure of oxygen over periods of a few days avoided the violent convulsions described by Bert but developed pulmonary congestion and consolidation which would eventually prove fatal. Lorrain Smith demonstrated two further important features of oxygen poisoning: firstly that the time for development of symptoms, either central nervous or pulmonary, diminishes with increasing partial pressure; secondly, that the toxic effect of high pressure oxygen is mediated by the partial pressure of the oxygen in physical solution in the blood and not by affecting hemoglobin; 40 % carboxyhiemoglobin does nothing to reduce susceptibility to oxygen convulsions in experimental animals. Subsequent work confirmed the independence of these two manifestations of oxygen toxicity, which are now usually known as acute (central nervous) and chronic (pulmonary) oxygen poisoning. Their importance to those using high pressure oxygen therapeutically is that both occur in men.
At the beginning of the last war the topic of oxygen poisoning in man was largely academic but the use of self-contained oxygen diving apparatus gave great impetus to research into acute oxygen poisoning. Donald produced a comprehensive report on the subject (1946) which stressed the variation in threshold -for oxygen convulsions. He found that two men had major convulsions while breathing oxygen at 1-9 atmospheres, one after 48-5 minutes, the other after 43 5 minutes, but found none who could not tolerate 1 7 atmospheres for two hours. The variation in tolerance in one individual from day to day was strikingone man who convulsed after twelve minutes at 2-5 atmospheres on one occasion completed 100 minutes without symptoms a fortnight later; the next week he convulsed after half an hour. Donald also pointed out that warning of impending convulsion, usually twitching of the lips, was very slight and occurred only a minute or two before onset. One man had a major convulsion without warning of any kind.
A careful examination of chronic oxygen poisoning in man was made by Comroe and his co-workers in 1945. By carefully controlled observations of 90 subjects they found that 90% developed substernal pain and cough after breathing 100% oxygen at normal pressure for seventeen hours. Three-quarters of these showed a significant decrease in vital capacity. Continued exposure progressively aggravated the condition. Intermittent exposure involving return to normal conditions for fifteen minutes every three hours did not affect the incidence of symptoms but did reduce their severity.
There is an apparent discrepancy between the findings of Donald and of Comroe on the one hand and the experience of clinicians using high partial pressure oxygen on the other: it seems that patients are more tolerant of oxygen, both as regards acute and chronic poisoning, than the healthy young men supplied by the Royal Navy and the United States Civil Service. A more likely explanation is that patients reputedly receiving 100 % oxygen in fact have an alveolar percentage well below this. Masks are removed for feeding and administration of drugs; the BLB mask may deliver only 40% oxygen while the patient's mouth is open and it also uses partial rebreathing; most clinical oxygen delivering apparatus is prone to leaks and wastage and contamination with room air past the side of the mask; they are frequently displaced during sleep. Even if these errors are corrected, the intermission would be expected to delay the symptoms seen under experimental conditions in healthy subjects. Ledingham (1963) has reported that at an ambient pressure of two atmospheres the arterial oxygen tension of an anesthetized patient is 1,350-1,400 mmHg while a volunteer using a BLB mask under the same conditions has an arterial oxygen tension only 750 mmHg.
Both Donald's and Comroe's observations were made on subjects wearing close-fitting fullface masks and the latter demonstrated by analysis that 100% oxygen was in fact being breathed. The great importance of their findings is that clinicians will shortly begin to use closefitting masks and demand-valves rather than the present method of continuous flow through an ill-fitting mask. The former method is so much more efficient in raising alveolar oxygen percentage that those responsible for the patients must expect many more cases of both acute and chronic oxygen poisoning than have appeared to date.
Clinical complications: Certain clinical conditions, such as respiratory failure with carbon dioxide retention, may possibly involve risks of their own with respect to high pressure oxygen therapy. I am not competent to discuss these nor such conditions as retrolental fibroplasia. One condition, which has been well observed experimentally, does not yet seem to have made its appearance clinically and may well be of interest to clinicians: Rahn & Dale (1952) showed that atelectasis distal to a bronchiolar blockage takes place sixty times faster when breathing oxygen. At the very least, the possibility of post-operative pulmonary atelectasis would seem to be enhanced by high pressure oxygen and will have to be watched for carefully as methods of administering oxygen to patients become more efficient. The opener of a discussion on early spreading peritonitis is in the happy position of speaking on a familiar subject in which all of us are interested; he is also in the less enviable situation of being expected to cover an immensely wide field of abdominal surgery and possibly to add something new. My remarks will therefore be limited to the question of diagnosis and its accuracy, especially some conditions where it may be unusually difficult, and to some aspects of treatment.
The diagnosis of early spreading peritonitis lies largely in the hands of general practitioners and resident hospital staff, who see the great majority of these patients in the first instance. The improvement in mortality from general peritonitis, from something like 25 % to 7 % over the last quarter of a century, is due not only to advances in metabolic care and antibiotics but also to early recognition of the disease. We rarely now see deaths from general peritonitis afteraperforated appendix or the worrying succession of residual abscesses in wound, pelvic and subphrenic space ending up With thoracic empyema, which used to occur.
The diagnosis is a clinical one and little direct help is available from the laboratory. Acute appendicitis is by far the commonest cause of peritonitis in this country but it is well to differentiate two distinct types of acute peritonitis:
(1) Septic peritonitiswhich maybe the rareprimary kind due to pneumococcus, streptococcus or gonococcus or the result of an infective process in one or other of the abdominal viscera such as gall-bladder, pancreas or pelvic organs.
(2) Leakage peritonitis resulting from flooding of the peritoneal cavity by sterile stomach contents, bile, blood or urine or by infected large or small bowel contents escaping into part or all of the peritoneal cavity. The distinction is important; whilst operation is not always necessary in the first group if the diagnosis has been accurately made, it is absolutely vital in the second group and constitutes a pressing surgical emergency. Rest and antibiotics may cause resolution in an infected area but they will never do so if the peritoneal cavity is being repeatedly reinfected by leakage from the gastrointestinal tract.
Any diagnosis is an assessment of probabilities: a mosaic built up from history, physical signs, investigations and a certain amount of applied past experience. In diagnosing acute peritonitis physical signs are more informative than history,
